The title nitrones react with cyanide ions to give benzoic acids and N-aryl-4-hydroxy-2-cyanophenylamines via two different pathways.
INTRODUCTION
The nitrone group is capable of both electron donation (from the oxygen atom) and electron withdrawal (toward the nitrogen atom). It is therefore interesting to investigate the effect of conjugation with electron withdrawing and electron-donating substituents on the reactivity of nitrones.
N-arylbezoquinoneimine N-oxides (1) belong to special class of conjugated nitrones showing no tendency toward 1,3-dipolar cycloaddition reactions. Recently, it was reported that N-arylbenzoquinoneimine N-oxides (1) react with acetylenic compounds, such as DMAD (dimethyl acetylenedicarboxylate), DEAD (diethyl acetylenedicarboxylate), in a peculiar way, giving rise to N-p-hydroxyphenyloxindole derivatives (2) (Scheme 1). 1, 2 In these reports, ortho attack of nitrones (1) by a C-C triple bond was reported, which led to (2) through several rearrangements. Since cyanide ions can act in a similar manner to C-C triple bonds in the ortho attack of nitro aryl compounds, it is suggested that cyanide ions can attack the ortho positions of nitrones (1), similar to nitro aryl compounds.
The reaction of nitro aryl compounds with cyanide ions, known as the von Richter reaction is well documented throughout the literature. The reaction begins with the attack by cyanide ions of the ortho positions to a nitro group to give, via several steps and intermediates, benzoic acids (Scheme 2). [3] [4] [5] [6] [7] As there is a close similarity between the structure of benzoquinoneimine N-oxides (1a, 1b) and nitro aryl groups, and as N-arylbenzoquinoneimine N-oxides can be converted to the corresponding N-p-hydroxyphenyloxindole via ortho attack of a C-C triple bond, it is logical to assume that benzoquinoneimine N-oxides would undergo a similar reaction with cyanide ions to furnish benzoic acid and its derivatives.
RESULTS AND DISCUSSION
Nitrones (1a, 1b) were prepared by the N-oxidation of the corresponding imines (3) with peracids. The inclusion of chlorine in the para position of the aryl group (1b) was intentional, since it could mark the position of nucleophilic attack on the aryl group. The reaction of both nitrones (1a, 1b) with potassium cyanide in a mixed ethanol-water solvent gave, after work-up diarylamine (4) and benzoic acids (5). The von Richter type reaction of nitrones (1) with cyanide ions leading to the formation of benzoic acid derivatives (5) is presented in Scheme 3, route a. The proposed mechanism based on the von Richter reaction is shown in Scheme 4.
The course of the reaction to product (4) (b-pathway, Scheme 3, could be attributed to the random deoxygenation of the nitrones, which lead to the imines (3), 1, 8 and typical nucleophilic attack of the cyanide ion to the ortho position of the benzoquinone moiety, followed by aromatization. The formation of (3) by deoxygenation of (1) during the reaction was monitored by TLC and comparison with an authentic sample. The random deoxygenation of nitrone (1) has also been observed in other reactions. In the examination of the 1,3-dipolar cycloaddition reactivity of nitrone (1), upon prolonged heating with dipolarophiles, such as acrylonitrile or methyl methacrylate, in dichloromethane or chloroform, the only product which could be isolated from the reaction mixture was the deoxygenated nitrone, i.e., imine (3). 1, 9, 10 To verify the course of diarylamine (4) formation through the reaction of benzoquinoneimine (3) with cyanide ions, the reaction of imine (3) with cyanide ions was examined separately. The only product which was isolated from the reaction mixture, along with some starting material, was the diarylamine (4) (38 %). Routine spectroscopic data and CHN analysis confirmed the structures of these products.
In conclusion, a new role of nitrones (1) as a substrate in the von Richter reaction, similar to that of nitro aryl compounds, is reported. This reaction could lead to the development of studies on the von Richter reaction. 
EXPERIMENTAL
The solvents were distilled before use. The chemicals were purchased from Fluka and Merck Chemical Company. Imines (3a, 3b) and their corresponding N-oxides (1a, 1b) were synthesized following the literature method. 1, 8 IR spectra were recorded on Jasco-680 FTIR instrument and the 1 H-NMR spectra were obtained on a Brucker 500 MHz instrument.
General procedure
A mixture of nitrones (1.5 mmol) and potassium cyanide (9 mmol) in (ethanol:water)/ (1:2) (20 ml) was heated under reflux for 2 h. The solvent mixture was removed under reduced pressure, water (10 ml) was added and the mixture was extracted with chloroform (3´10 ml). The combined organic layers were dried over sodium sulphate and the solvent was removed under reduced pressure. The residue was purified by column chromatography over silica gel (petroleum ether/ethyl acetate (5:1)) to give diarylamines (4a, 4b). 11 The aqueous layer was acidified with 10 ml HCl and extracted with chloroform (3´10 ml). The combined organic layers were dried over sodium sulphate, the solvent removed in vacuum and the benzoic acid or its m-chloro derivatives were isolated and crystallized from water. Nitroni iz naslova reguju preko dva razli~ita reakciona puta sa cijanidnim jonima daju}i benzoevu kiselinu i N-aril-4-hidroksi-2-cijanofenilamine. 
